The southern pocket gopher, Thomomys umbrinus, currently contains 17 subspecies distributed from southeastern Arizona and southwestern New Mexico southward into the Trans-Mexico Volcanic Belt (TMVB) of central Mexico. Here we reevaluate relationships within this species, which, based on previous studies, is composed of 3 genetically divergent clades. Multilocus phylogenetic analyses uphold these clades (Northern Desert, Central Plateau, and TMVB) as well as the monophyly of T. umbrinus with respect to the 3 other species in the T. umbrinus complex (T. atrovarius, T. nayarensis, and T. sheldoni). Reanalysis of published allozyme data shows a pattern of isolation by distance consistent with the hypothesis of gene flow among the 3 T. umbrinus clades. Species tree analyses of these clades reveal 4 divergent lineages (2 within the TMVB clade), which we recognize herein at the subspecies level. Cranial morphometrics show a moderate level of morphological separation among these clades in multivariate space. The present center of diversity of the T. umbrinus species group is in the southern Sierra Madre Occidental, which also appears to be the center of origin of the T. umbrinus complex. A synonymy of T. umbrinus is provided.
The term ''subspecies,'' both as a concept and as an operational unit, has been problematic for systematists since its introduction in the mid-1800s. A subspecies can be viewed as either a unit of classification to describe geographical variation within a species or as an evolving lineage potentially on a trajectory toward speciation (Lidicker 1962) . Although these definitions are not mutually exclusive, systematists rarely publish explicit statements about their rationale for describing and naming subspecies. For many taxa, morphological variation may be indicative of incipient speciation (Zimmerman et al. 1978; Alexander and Breden 2004) . In others, morphological differences that define subspecies may not coincide with molecular breaks within the species (Conroy and Cook 2000; Conroy and Neuwald 2008) . The complexities of mosaic evolution coupled with divergent views on the importance of variation at different levels of biological organization make it unlikely that researchers will agree on a single, universal subspecies concept. This makes it imperative that taxonomic studies at the intraspecific level include a clear statement of the author's concept of subspecies to provide a context in which to evaluate the robustness and defensibility of the author's taxonomic decisions.
Taxonomy of the smooth-toothed pocket gophers, Thomomys, has long been fraught with conflict over species and subspecies boundaries. Documented hybridization between T. umbrinus and T. bottae in southern Arizona (Patton and Dingman 1968; Hoffmeister 1969) led Hall (1981) to consider T. umbrinus and T. bottae conspecific (as T. umbrinus) with 229 named subspecies defined primarily on the basis of body size and pelage color. Although these 229 subspecies are now partitioned among 5 named species of Thomomys (Mathis et al. 2013b) , most have yet to be examined with molecular data or more sophisticated multivariate morphological analyses.
This report focuses on the T. umbrinus complex, which has been the subject of several taxonomic revisions over the past few years (Álvarez-Castañeda 2010; Mathis et al. 2013a Mathis et al. , 2013b . Recent reevaluations of the genetic clades w w w . m a m m a l o g y . o r g 754 within T. umbrinus originally defined by Patton and Feder (1978) and Hafner et al. (1987) have resulted in the elevation of 3 clades to species status: a Pacific coast species, T. atrovarius (with 2 subspecies, synonymizing 2 others- , a Sierra Madre Occidental species, T. sheldoni (with 2 subspecies, synonymizing 1 other- Mathis et al. 2013a) , and a previously unrecognized 3rd (monotypic) species, T. nayarensis, endemic to the Sierra del Nayar of northeastern Nayarit (Mathis et al. 2013b) . All 3 of these species have a diploid number (2n) of 76 chromosomes, which is believed to be the primitive diploid number in the Thomomys subgenus Megascapheus (Thaeler 1980; Patton 1981; Hafner et al. 1983 ) to which the T. umbrinus complex belongs.
Recognition of T. atrovarius, T. sheldoni, and T. nayarensis from within what was previously known as T. umbrinus leaves the nominal species (T. umbrinus sensu stricto) as the only member of the T. umbrinus species complex in need of taxonomic revision. T. umbrinus sensu stricto (hereafter T. umbrinus) currently contains 3 well-defined genetic clades divided into 17 subspecies. Fourteen of these subspecies have been karyotyped and share the derived diploid number of 2n ¼ 78; the 3 unsampled subspecies (atrodorsalis, newmani, and supernus, each known from only 1 or 2 localities [ Fig. 1 ]) almost certainly have this diploid number as well. The 3 major clades within T. umbrinus were defined by Hafner et al. (1987) and Mathis et al. (2013a) as follows: the Northern Desert clade, which ranges from southeastern Arizona and southwestern New Mexico into northeastern Sonora and extreme northwestern Chihuahua; the Central Plateau clade distributed from central Chihuahua into north-central Durango; and the TransMexico Volcanic Belt (TMVB) clade distributed from southcentral Durango southward into Veracruz (Fig. 1) . Despite the high degree of genetic differentiation among these 3 clades (10-21% cytochrome-b [Cytb] divergence- Mathis et al. 2013a) , they were treated as a single species by Mathis et al. (2013a) because of shared haplotypes suggestive of gene flow among the clades and a shared, derived diploid number of 2n ¼ 78.
Here we use a combination of multilocus genetics, allozymes, and morphology to confirm the species status of T. umbrinus and to identify subspecies within T. umbrinus based on explicit criteria. We then use our understanding of relationships within this geographically widespread species to inform a larger-scale analysis of the phylogeographic history of all 4 members of the T. umbrinus species complex in Mexico.
MATERIALS AND METHODS
Between 2006 and 2012, 124 specimens of Thomomys (50 T. umbrinus, 32 T. sheldoni, 21 T. atrovarius, 13 T. bottae, and 8 T. nayarensis) were collected using standard trapping methods approved by the American Society of Mammalogists (Sikes et al. 2011) . Selected individuals from most localities were karyotyped in the field using the postmortem technique of Hafner and Sandquist (1989) to verify diploid numbers. Vouchers were prepared as skin-plus-skeleton specimens (Hafner et al. 1984) and deposited in the Louisiana State University Museum of Natural Science (LSUMZ) or the Colección Nacional de Mamíferos, Instituto de Biología, Universidad Nacional Autónoma de México (CNMA). Genetic material collected from vouchers was deposited in the Collection of Genetic Resources at the LSUMZ. Frozen tissues from an additional 90 Thomomys individuals were obtained from museum tissue collections (Appendix I).
For molecular analyses, 37 specimens of T. umbrinus, 4 T. sheldoni, 2 T. nayarensis, and 3 T. atrovarius (all mapped in Fig. 1) were sequenced for 8 genes. Two specimens of T. bottae (subgenus Megascapheus), 2 representatives of the subgenus Thomomys (1 each of T. mazama and T. talpoides), and 1 specimen of Orthogeomys hispidus were included as outgroups. Collection localities are listed in Appendix I.
The DNA sequences were obtained from 3 mitochondrial genes: Cytb (1,140 base pairs [bp]), 12S rRNA (12S; 869 bp), and cytochrome oxidase I (COI; 1,545 bp). Five nuclear genes also were sequenced, including the 5 0 end of exon 1 of the single-copy interphotoreceptor retinoid-binding protein (IRBP; 1,272 bp), the growth hormone receptor gene (GHR; 832 bp), recombination activating protein I (RAG1; 1,293 bp), the mast cell growth factor protein (MGF; 727 bp), and 1 anonymous locus (TBO47; 601 bp- Belfiore et al. 2008) . DNA amplification and sequencing protocols as well as a list of primers and their annealing temperatures are available in Mathis et al. (2013a) .
Phylogenetic analyses.-Bayesian inference (BI) analyses were performed using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) , and maximum-likelihood (ML) analyses were implemented in RAxML 7.3.0 (Stamatakis 2006) via the CIPRES Gateway (Miller et al. 2010) . We evaluated the most appropriate models for each gene in Modeltest 2.4 (Nylander 2004) , which provides models appropriate for both BI and ML analyses. We selected the best model using the Akaike information criterion (Posada and Buckley 2004 ). The GTRþIþG model was selected for Cytb, 12S, and COI, the HKYþI model was selected for IRBP, GHR, MGF, and RAG1, and the HKY model was selected for TBO47.
In both sets of phylogenetic analyses (BI and ML), sequences were concatenated and then the partitioning scheme (GHR and RAG1 combined, but otherwise partitioned by gene) was selected using PartitionFinder (Lanfear et al. 2012) . In the BI analysis, model parameters were treated as unknown variables with uniform priors. Two independent runs were initiated with random starting trees, an initial melting point of 0.25, and run for at least 9 3 10 6 generations with 4 incrementally heated chains (Metropolis-coupled Markov chain Monte Carlo [MCMC]-Huelsenbeck and Ronquist 2001) sampled every 100 generations. Convergence and stationarity were assessed using Tracer version 1.5 . Trees generated before stationarity of log-likelihood scores was reached were discarded. Clade support was assessed using Bayesian posterior probabilities (pp). ML gene-partitioned analyses were run for 1,000 bootstraps (bs) using the GTRCAT model for the bootstrapping phase in RAxML and the GTRGAMMA model for the tree inference phase. Sequences are deposited in GenBank (Appendix II).
Divergence dating.-Estimates of divergence dates based on molecular analyses exist for Thomomys Belfiore et al. 2008) , but those studies included only representatives of the T. umbrinus complex with 2n ¼ 76 (now recognized as T. atrovarius and T. sheldoni) and not 2n ¼ 78 (T. umbrinus). Divergence dates were estimated in BEAST 1.7.4 (Drummond and Rambaut 2007) using 1 representative each of T. atrovarius, T. sheldoni, and T. nayarensis; 1 representative of each of the 3 clades within T. umbrinus; 1 individual of T. bottae (for complete sampling of Mexican Thomomys); plus T. talpoides (representing the subgenus Thomomys) and O. hispidus as outgroups. The 1st BEAST analysis included all 8 genes and used a linked tree topology; the 2nd included only Cytb, because the inclusion of multiple loci often does not measurably increase accuracy in divergence dating (Edwards and Beerli 2000) . MrModeltest was used to select the appropriate evolutionary model for each gene. An uncorrelated, lognormal, relaxed clock was used, and the trees FIG. 1.-Distribution of the Thomomys umbrinus species complex in Mexico and southwestern United States. T. atrovarius, T. sheldoni, and T. nayarensis are recently elevated species within the complex. The 3 clades within T. umbrinus were first characterized based on allozymes and karyotypic data by Hafner et al. (1987) and later redefined by Mathis et al. (2013a) using multilocus genetic analyses. Black circles indicate locations of samples used in the genetic analyses, white circles indicate samples used in the morphometric analyses, and gray circles indicate localities used in both analyses. Gray shading and italicized names show the distribution of currently recognized subspecies of T. umbrinus. Numbered localities refer to those used in the multilocus genetic analyses. Locality information is given in Appendix I.
were estimated under the Yule prior from a randomly generated starting tree.
For divergence analyses, a lognormal prior was placed on the tree root with an initial value of 0.2, mean of 2.25, standard deviation of 0.075, and an offset of 4.5, allowing an error range of 6.4-7.1 million years ago (mya; the estimated minimum divergence date of the tribes Thomomyini and Geomyini- Tedford et al. 2004 ). The analysis was run for 10 7 generations and sampled every 5 3 10 3 generations. Convergence of the MCMC was assessed using Tracer version 1.5, where high effective sample sizes (ESS . 500) for all parameters were confirmed, and at least 2 runs were completed to confirm convergence. Runs were combined using LogCombiner, and after discarding a 10% burn-in, a maximum clade credibility tree was generated in TreeAnnotator (BEAST 1.7.2 package- Drummond and Rambaut 2007) .
Species tree analyses.-To assist in making informed decisions about subspecies designations within T. umbrinus, species tree analyses were run in *BEAST 1.7.4 (Heled and Drummond 2010) . This program within the BEAST package coestimates multiple gene trees within a shared species tree in a coalescent framework using a Bayesian MCMC algorithm. The same T. umbrinus taxa and loci used in the BI and ML analyses were used in this analysis, along with 2 representatives each of T. sheldoni and T. atrovarius (representing the 2 subspecies recognized within each of those species) and 1 representative of T. nayarensis. Specimens representing 13 of the 17 T. umbrinus subspecies were included in the analysis. Genetic samples were not available for T. u. atrodorsalis, T. u. newmani, and T. u. supernus, and only Cytb sequences were available for T. u. camargensis. Subspecies assignments for specimens that were not topotypes were determined by proximity to the type locality or by collection within the published boundaries of a subspecies. Because the BI and ML analyses showed many of the currently recognized T. umbrinus subspecies to be paraphyletic, taxa were coded in the species tree analyses based on membership in genetically defined lineages, rather than subspecies. Lineages in the Central Plateau group were coded as either ''juntae'' (localities 9-12 and 16-20) or ''goldmani'' (localities 15 and 21-24). Lineages in the TMVB group were coded as ''durangi'' (localities 28-30), ''zacatecae'' (localities 31, 35, and 38), ''pullus'' (localities 36 and 39-41), or ''umbrinus'' (localities 42-46). Northern Desert individuals were coded based on their subspecies because this clade did not show strong evidence of paraphyly. The same models, clocks, sampling, and convergence estimation used in the divergence dating were used in these analyses.
Allozyme analyses.-Allozyme data published in Hafner et al. (1987-expanding on an earlier study by Patton and Feder [1978] ) were reanalyzed to further investigate relationships within T. umbrinus. We analyzed 19 polymorphic loci sampled from 14 populations (n ¼ 266 individuals). Populations included 4 from the Northern Desert clade (localities 1, 3, 4, and 47; Fig. 1 ), 2 from the Central Plateau (localities 11 and 18; Fig. 1 Fig. 1 ). Data were analyzed in the program GENALEX 6.5 Smouse 2006, 2012) . Allele frequencies were calculated and a Mantel test was implemented to test for isolation by distance. The test was run for 999 random permutations using matrices of Nei's genetic distances (Nei 1972) computed from the allozyme data and geographic distances among the populations to address the hypothesis that there is a significant correlation between increasing genetic and geographic distance.
Morphometric analyses.-Twelve cranial characters were measured on 211 individuals to the nearest 0.1 mm using handheld digital calipers: cranial width (CW), diastema length (DIA), width of interorbital constriction (IOC), mastoid breadth (MB), length of maxillary toothrow (MTR), nasal length (NL), occipital-nasal length (ONL), occipital-incisor length (OIL), rostral width (RW), zygomatic breadth (ZB), breadth of mandible (BM), and mandible length (ML). Adult female specimens were used in the morphometric analyses because of the extreme sexual dimorphism in pocket gophers and a female-biased sex ratio (Daly and Patton 1986; Patton and Brylski 1987; Smith and Patton 1988; Patton and Smith 1990; Hafner et al. 2004 ). Specimens were judged to be adult based on fusion of the exoccipital-supraoccipital and basioccipitalbasisphenoid sutures (Daly and Patton 1986) .
Morphometric analyses were performed on the 3 genetic clades (Central Plateau, Northern Desert, and TMVB) and on the monophyletic genetic lineages identified in the species tree analyses. Statistical analyses of the morphometric data were conducted using SYSTAT 13 (Systat Software 2009). Data were assessed for normality and examined for extreme outliers, which were removed from further analyses. Data were transformed to a normal distribution (X ¼ 0, SD ¼ 1) and a multivariate analysis of variance (MANOVA) was used to test the null hypothesis of no significant difference between a priori groups. A post hoc analysis of the MANOVA was assessed with Tukey's honestly significant difference test. A principal component analysis (PCA) was performed using a varimax rotation to reduce the 12 variables and explore the dimensionality of the data. Discriminant function analyses (DFAs) were performed to generate discriminant functions to assist in identifying group membership and evaluate if individuals could be properly assigned to their a priori groups.
RESULTS
Phylogenetic analyses.-Inspection of the BI and ML phylogenetic trees generated from the concatenated, genepartitioned sequence data revealed strong support for monophyly of the T. umbrinus species complex as well as monophyly of T. umbrinus and each of the 3 genetic clades (Central Plateau, Northern Desert, and TMVB) within T. umbrinus (Fig. 2) . Support for the sister relationship between the Central Plateau and Northern Desert clades was high in the BI analysis (pp ¼ 0.95) but only moderate in the ML analysis (bs ¼ 80). As seen in previous studies of the T. umbrinus complex Mathis et al. 2013a ), relationships among T. sheldoni, T. nayarensis, and T. atrovarius are unresolved (Fig. 2) .
Genetic breaks within T. umbrinus did not correspond well with traditional subspecies boundaries. Of the 8 subspecies represented by specimens from more than a single locality, only 2 (T. u. sonoriensis and T. u. umbrinus) were monophyletic (Fig. 2) . The 4 subspecies in the Northern Desert clade showed little genetic structuring beyond support for a western (intermedius þ sonoriensis) clade (Figs. 1 and 2). The Central Plateau group was divided into a northern clade containing the subspecies juntae, nelsoni, and camargensis and a southern clade containing 4 populations of T. u. goldmani and 1 of T. u. nelsoni (locality 15; Fig. 2 ). The individual from locality 15 in the southern clade was geographically proximate to 5 other populations of T. u. nelsoni placed in the northern clade (Fig. 1) . The TMVB group was divided into at least 4 subclades, including a highly divergent northern clade composed of 3 populations of T. u. durangi, a central clade containing 1 population each of T. u. durangi, T. u. zacatecae, and T. u. ssp. (assigned to T. u. sheldoni by Matson and Baker [1986] , but excluded from T. sheldoni by Mathis et al. [2013a] ), a south-central clade containing 1 population each of the subspecies arriagensis, potosinus, zacatecae, and pullus, Table 1 . Currently recognized subspecies epithets follow locality numbers. Diploid numbers are indicated on major branches of the tree. Selected mean cytochrome-b (Cytb) divergence values, calculated using the Kimura 2-parameter model, are shown at key nodes. The branch leading to the outgroup, Orthogeomys hispidus, is not shown. Branch lengths are substitutions per site. and a southern clade containing all 5 populations of T. u. umbrinus (Fig. 2) .
Species tree analyses.-Analyses revealed 4 well-supported clades (shaded boxes A-D in Fig. 3 ) that are consistent with the 4 major clades (2 within the TMVB clade) recognized in the BI and ML analyses (Fig. 2) . Visual inspection of the posterior distribution of species trees revealed little support for inclusion of clade C (T. u. durangi; localities 28-30) in the TMVB group, as shown in Fig. 2 . Relationships within clades A and D were not well resolved (Fig. 3) .
Divergence dating.-Divergence dates estimated in this analysis (Table 1) were older than those previously reported by Belfiore et al. (2008) , with the exception of the split between the subgenera Thomomys and Megascapheus, which were similar in both analyses. The analysis based on the multilocus data set yielded dates that were 7-22% younger than dates estimated using Cytb only, but the highest posterior density intervals overlapped for all estimates (Table 1 ). The tree generated in the multilocus BEAST analysis (not shown) showed a weakly supported sister relationship between the Central Plateau and TMVB groups, whereas the Cytb BEAST analysis agreed with the BI and ML analyses (Fig. 2) in showing a weakly supported sister relationship between the Northern Desert and Central Plateau clades.
Genetic differentiation.-The 3 clades within T. umbrinus showed high levels of pairwise genetic differentiation at the (Fig. 2) . Black circles indicate strong posterior probability support (. 0.95), and branches that did not meet this level of support were collapsed. TABLE 1.-Mean estimated divergence dates (with highest posterior density intervals in parentheses) for select groups of Thomomys generated in a multilocus BEAST analysis ) of 3 mitochondrial and 5 nuclear genes and a separate analysis including only cytochrome b (Cytb). Divergence estimates from Belfiore et al. (2008) are provided for comparison. Dates are listed for the divergences of: 1) subgenus Thomomys from subgenus Megascapheus; 2) the T. umbrinus species complex (T. umbrinus, T. atrovarius, T. sheldoni, and T. nayarensis) from T. bottae; 3) T. umbrinus from other members of the T. umbrinus species complex; and 4) the 3 clades within T. umbrinus (Fig.  2) . In the multilocus analysis, divergence ''4'' represents the split of the Central Plateau clade from the other 2 clades; in the Cytb-only analysis, it represents the split of the Trans-Mexico Volcanic Belt (TMVB) clade from the other 2 clades.
Node (see Fig. 2 Fig. 2] ). Although genetic differentiation within the Northern Desert and Central Plateau groups was fairly low for Geomyidae (averaging 8.5% between the 2 lineages in the Central Plateau clade), the TMVB group showed high (~15%) levels of within-group differentiation. The T. u. durangi lineage (clade C; Fig. 3 ) averaged 15.3% divergence at Cytb from the other TMVB lineages (Fig. 2) . Pairwise divergence within clade D (Fig. 3 ) averaged 10%. Allozyme analyses.-Of the 19 loci sampled, 14 were polymorphic. The average number of alleles for the loci was 2.93 (SD ¼ 1.64). The Mantel test comparing genetic distances to geographic distances among the 14 populations showed a significant, positive relationship between the variables (P ¼ 0.001, R 2 ¼ 0.637). Morphometric analyses.-Two variables (CW and MB) departed significantly from normality based on a KolmogorovSmirnov test with a Lilliefors correction (P , 0.05). These variables were removed from the MANOVA but were included in the PCA and DFA because these analyses are robust to deviations from normality not caused by outliers (Tabachnick and Fidell 1996) . The PCA resulted in 2 factors with eigenvalues exceeding 1.0 that together accounted for 73.1% of variation in the data set. An examination of a scatter plot of principal component 1 (PC 1) and PC 2 scores was not informative for identification of any of the genetic groups or subspecies (plot not shown).
A 1-way MANOVA performed on the untransformed morphometric data for the 3 genetically defined clades (Northern Desert, Central Plateau, and TMVB [ Fig. 2] ) was significant for all 3 groups (Wilks' k ¼ 0.34, F 24,372 ¼ 11.17; Pillai's Trace ¼ 0.76, F 24,374 ¼ 9.57; Hotelling's Trace ¼ 1.67, F 24,370 ¼ 12.85; P , 0.0001 for all 3 tests). Exploring Tukey's honestly significant difference post hoc tests on the MANOVA revealed several differences between members of the 3 clades. On average, members of the Central Plateau group were larger than those of the other 2 groups for 8 of the 10 variables, but smallest for RW and IOC. In contrast, members of the Northern Desert group were smallest for 6 of the 10 variables, intermediate in size for ONL and NL, and largest for RW and IOC. Finally, members of the TMVB group were intermediate in size for most variables, but were smallest for ONL and NL. Specimens from the Central Plateau group were significantly larger than those of the Northern Desert group for every measurement except ONL, RW, and IOC, and Central Plateau specimens were significantly larger than those of the TMVB group for ONL and NL (P , 0.05). Averages and ranges of all characters for each subspecies are given in Supporting Information S1 (DOI: 10.1644/13-MAMM-A-188.S1).
Examination of the 2 discriminant functions (DFs) generated in the DFA showed broad overlap between the 3 groups (Fig.  4A) . Overall, 81.7% of the individuals were classified correctly into their a priori groups: 47.1% for Central Plateau, 87.7% for Northern Desert, and 89.6% for TMVB specimens. ONL had strong positive loadings on DF 1 (2.18) and DF 2 (1.14). OIL had a strong negative loading (À1.43) on DF 2.
The DF generated between the 2 genetically defined lineages within the Central Plateau clade (Fig. 3) had high, positive loadings for ONL and BM (1.16 and 1.21, respectively) and high, negative loading for ZB (À1.32). The juntae lineage was correctly classified in 93% of cases and the goldmani lineage was correctly classified in 100% of cases, although the low sample size for the goldmani lineage (n ¼ 8) suggests caution when interpreting these results.
Morphometric analysis of the 4 genetically defined lineages within the TMVB clade (clades C and D in Fig. 3 ) generated 2 DFs that accounted for 79.6% of the total variation (Fig. 4B) . ONL had high, positive loadings on DF 1 (1.9) and DF 2 (1.18). OIL had a high, negative loading on DF 1 (À2.39). Correct classification of individuals was 77.4% overall, with 72.7% correct classification for the durangi group, 90% for the zacatecae group, 67.5% for the pullus group, and 84.4% for the umbrinus group.
Because the zacatecae, pullus, and umbrinus groups formed an unresolved trichotomy in the species tree analyses (Fig. 3) , we combined them into a single group (the umbrinus lineage) and compared this new group morphometrically to the durangi group. The percentage of individuals of durangi correctly classified in the DFA remained as before (72.7%), but 97.9% of individuals were correctly classified into the expanded umbrinus lineage.
DISCUSSION
Levels of Cytb divergence . 11% are rarely measured between conspecific populations of mammals (Bradley and Baker 2001; Baker and Bradley 2006) . However, certain groups of mammals, including pocket gophers, have unusually high rates of Cytb sequence evolution (Spradling et al. 2001) often resulting in Cytb divergence values between conspecific populations that exceed those measured between well-defined species, or even genera, of other mammals (Smith 1998; Wickliffe et al. 2004) . As a result, the Cytb yardstick advocated by Baker and Bradley (2006) is a poor measure of species status in pocket gophers, and instead we use multilocus genetic analyses to evaluate whether clades are genetically isolated, which is our principal criterion for species status.
Species status of T. umbrinus (2n ¼ 78).-The multilocus analyses (Fig. 2) and species tree analyses (Fig. 3) confirm monophyly of all populations of T. umbrinus with a diploid number of 2n ¼ 78. Although the 4 genetically defined clades resolved in the species tree analyses (Fig. 3) show an average of approximately 15% Cytb divergence, several lines of evidence suggest that populations representing the 4 clades are not genetically isolated from one another. These clades share a derived diploid number of 2n ¼ 78, with fundamental numbers (FN) ranging from 96 to 114 in the Northern Desert clade, 100 to 152 in the Central Plateau clade, and 116 to 152 in the TMVB clade. Although the biological relevance of fundamental number differences in pocket gophers is not well understood, the sharing of a common diploid number means that interbreeding between the clades will not result in the kind of meiotic breakdown observed in other pocket gopher hybrids as a result of diploid number differences (Patton 1973 ). The clades of T. umbrinus examined in this study show a significant pattern of isolation-by-distance in the Mantel test, suggesting current or recent gene flow among the populations. The T. umbrinus clades are not characterized by major differences in allele frequencies, much less the fixed allelic differences observed in previous studies advocating species status for T. atrovarius and T. sheldoni (Hafner et al. 1987 Mathis et al. 2013a ). The T. umbrinus clades also share alleles at 4 of the 5 nuclear loci examined, which is suggestive of gene flow although it may be an artifact of retained ancestral polymorphisms. In summary, we have no evidence of genetic isolation among the 3 clades of T. umbrinus and we have multiple lines of evidence consistent with the hypothesis of current or recent gene flow among them; accordingly we treat T. umbrinus as a single species.
Subspecies concepts and subspecies within T. umbrinus.-In their argument against use of Latinized trinomials to represent subspecies of animals, Wilson and Brown (1953) used pocket gophers of the genus Thomomys as an example of what they considered to be unbridled proliferation of subspecies epithets that were, at best, inefficient and arbitrary, and at worst, the root of eventual nomenclatorial chaos. For example, Hall (1981) listed 229 subspecies of T. umbrinus (now divided into 5 species: T. atrovarius, T. bottae, T. nayarensis, T. sheldoni, and T. umbrinus). Overreliance on characters such as body size and pelage coloration to define pocket gopher subspecies is what led, in part, to this superabundance of named subspecies in Thomomys (Patton and Brylski 1987; Smith and Patton 1988; Hafner et al. 2004 Hafner et al. , 2008 . Recent research based on genetic and multivariate morphometric evidence (e.g., Patton and Smith 1990; Castro-Campillo and Ramírez-Pulido 2000; Trujano-Álvarez andÁlvarez-Castañeda 2007; Mathis et al. 2013a ) has reduced the number of Thomomys subspecies somewhat, but these studies have yet to consider most current subspecies of Thomomys.
All of the current subspecies of T. umbrinus were described between 1897 and 1972 either primarily or exclusively on the basis of body size and pelage coloration, characters we now know to be highly plastic and of dubious taxonomic utility in pocket gophers. None of these subspecies descriptions involved analysis of quantitative traits, and molecular characters were not available at the time of these studies, so it is not surprising to see a nearly total disconnect between subspecies membership and molecularly defined clades in Fig. 2 . There is little chance that a systematist armed with today's research tools and knowledge of pocket gophers would subdivide T. umbrinus into the 17 subspecies mapped in Fig. 1 . Because body size and pelage coloration can show plastic responses to environmental factors, our subspecies concept explicitly disregards these characters for subspecies identification in pocket gophers. We agree with Patton and Smith (1990:107) that subspecies should ''. . . identify geographic units that represent opportunities for sustained evolutionary divergence,'' and we are in strong agreement with Grinnell's (1935:403) prescient view that the application of subspecies names is ''. . . to represent as nearly as feasible the course of phylogeny.'' Given the broad consensus among systematists that the best tools available today for the study of phylogeny are molecular tools, we use these tools exclusively in our search for intraspecific units that represent the course of phylogeny and show opportunities for sustained evolutionary divergence. We do not use cranial morphometrics to define subspecies because methods with higher resolution (i.e., molecular methods) are available and because differences in body size in pocket gophers (which Patton and Brylski [1987] showed to be directly related to nutritional quality) also will affect differences in cranial shape due to allometric growth. This means that cranial dimensions can be influenced, albeit indirectly, by the same environmental factors influencing body size. Instead, we use cranial morphometrics as a way of exploring whether morphology tracks phylogeny in T. umbrinus. Cranial morphometrics remain useful in assigning museum specimens that lack molecular data to genetic groups via comparisons with genetically identified reference specimens. This is particularly useful for defining geographic distributions of species; museum specimens without molecular data are usually far more numerous and geographically comprehensive than specimens with such data.
Application of our subspecies concept is reasonably straightforward: we use molecular tools to search for phylogenetic structure (i.e., monophyletic clades) within species. If the molecular evidence detects no phylogenetic structure within a species, which may be the case in many species of mammals, then that species contains no subspecies. But many species of mammals, including many pocket gopher species, show extensive intraspecific phylogenetic structuring that we believe identifies lineages with opportunities for sustained evolutionary divergence. Although those opportunities may never be realized because of extinction or reticulate evolution, these lineages nevertheless represent as nearly as feasible the course of phylogeny, and we believe they should be recognized as subspecies.
Species that show intraspecific phylogenetic structuring may contain a mixture of young lineages that show low levels of genetic divergence and older lineages that show divergence levels approaching that measured across the species as a whole. Although intraspecific lineages of any age or level of genetic divergence may fall victim to extinction or reticulation, those that have persisted longest generally have the highest chance of sustained evolutionary divergence. Accordingly, our subspecies concept focuses only on the more divergent monophyletic lineages within a species, and it is these lineages that we recognize as subspecies.
Our subspecies concept does not set a threshold level of genetic divergence necessary for recognition of subspecies in mammals, nor does it prescribe use of any particular gene or set of genes. Instead, each species is investigated independently, and levels of genetic divergence among intraspecific lineages within that species are compared to the overall level of divergence within that species; those lineages, if any, that approach (i.e., are close to) the level of overall divergence are recognized as subspecies. Although the word ''approach'' is an imprecise term, we agree with Patton and Smith (1990:107) that ''. . . any hierarchical division of variation . . .'' [i.e., any subspecies definition] ''. . . retains some degree of arbitrariness.'' Given the rapid pace of advances in the field of molecular systematics, it is impossible to prescribe the ideal molecular methods for study of subspecies, but the molecular tools used to investigate intraspecific genetic variation should be the most up-to-date available given the necessary limitations of cost and effort. Evidence of genetic divergence in the mitochondrial genome should also be reflected in the nuclear genome, and the data should be of sufficient quality and quantity to yield trees with strong statistical support.
Minimally, the Northern Desert, Central Plateau, and TMVB clades of T. umbrinus (Fig. 1) are good candidates for recognition at the subspecies level under our subspecies concept. Although multiple lines of evidence suggest gene flow among these clades, they are reciprocally monophyletic, show high levels (! 13%) of Cytb divergence (Fig. 2) , are well-supported clades in the species tree analysis (Fig. 3) , and average approximately 82% morphometric diagnosability (Fig.  4A) . Although the 3 groups appear to be separated by large (. 120 km) geographic gaps today, current or recent gene flow may be facilitated by scattered, intervening populations that were not sampled or by large-scale range expansions caused by climate fluctuations. Pocket gophers often are found in isolated populations, because they are dependent upon available soils and vegetation, and are known to have narrow zones of introgression (Thaeler 1968; Hafner et al. 1983 ). Because of this, populations showing evidence of current introgression could be easily overlooked, especially given the large geographic expanse over which contact is possible.
For phylogenetic analyses, overall sample size in the Northern Desert clade was smaller than that of the other clades due to fewer available genetic samples from unique localities, lack of recent sampling, and the overall smaller geographic breadth of the clade. However, presence of multiple unresolved polytomies in the Northern Desert clade (Fig. 2) indicates that there is no strong genetic subdivision among the 7 populations that currently represent 4 subspecies. Average genetic differentiation at Cytb within this group was low ( 4.5%). Although individuals of T. u. emotus had smaller cranial measurements than the other 3 Northern Desert subspecies (Supporting Information S1), this subspecies also had the smallest sample size available compared to the other subspecies in this clade (n ¼ 5) and was diagnosable by no single character. Accordingly, we recognize only 1 subspecies within the Northern Desert group, and the subspecies nomen intermedius Mearns, 1897, has nomenclatorial priority.
All currently recognized subspecies in the Central Plateau clade for which multiple samples are available (3 of 4 subspecies) lack monophyly (Fig. 2) . Although the 2 lineages (juntae and goldmani) showed separation in multivariate space and juntae was, on average, larger than goldmani, sample size was small for the goldmani lineage (n ¼ 8) and no single character proved to be useful in distinguishing between the 2 groups. Cytb genetic divergence also was comparatively low between the 2 groups (8.5%) and comparable to divergence levels found within the Northern Desert clade. Accordingly, we recognize only 1 subspecies within the Central Plateau clade, and the subspecies nomen goldmani Merriam, 1901 , has nomenclatorial priority.
The species tree analysis of the 4 TMVB clades (durangi, pullus, umbrinus, and zacatecae [ Fig. 3]) shows the durangi lineage as a strongly supported clade independent of the other 3 lineages. The distinctiveness of the durangi lineage (approximately 15% divergence at Cytb from the other TMVB populations and 73% diagnosability in the morphometric analysis) leads us to recognize this lineage as a separate subspecies, T. u. durangi. The other 3 lineages within the TMVB clade (pullus, umbrinus, and zacatecae) formed an unresolved trichotomy in the species tree analysis (Fig. 3) and showed large amounts of overlap in the morphometric analysis (Fig. 4B) . As a result, we combine them into a single subspecies, T. u. umbrinus.
Phylogeography of the T. umbrinus species group.-Current fossil evidence suggests origin of the genus Thomomys in the western United States during the late Miocene or early Pliocene with subsequent radiation and expansion of the subgenus Megascapheus into the southwestern United States and Mexico (Mooser and Dalquest 1975; Paleobiology Database 2013) . Today the 4 species of the T. umbrinus species complex are almost exclusively Mexican, and Mexico appears to be the center of diversification of the complex.
Divergence estimates (Table 1) suggest that the common ancestor of the T. umbrinus complex diverged from T. bottae sometime between 3.4 and 4 mya. Although our phylogenetic analysis (Fig. 2) did not resolve relationships among the 4 extant species within the T. umbrinus complex, evidence presented by Mathis et al. (2013b) suggests that T. atrovarius may have been the 1st lineage to diverge within the complex. If T. atrovarius is basal within the T. umbrinus species complex, then it is likely that divergence of the T. umbrinus species complex from T. bottae took place somewhere along the Pacific coast near the present day Sonora-Sinaloa border (location marked A in Fig. 5 ) where the habitat today shows a dramatic shift from Sonoran desert scrub (occupied by T. bottae) to thornscrub forest (occupied by T. atrovarius) coincident with the Sierra Barabampo-Río Fuerte filter-barrier Riddle 2005, 2011) . The Sierra Barabampo-Río Fuerte filter-barrier marks a major shift in arid-adapted rodents from the Sonoran to the Sinaloan subregions of the Sonoran regional desert (Hafner and Riddle 2011) . Similarly, the Río Piaxtla, which marks the southern end of the transition between T. a. atrovarius and T. a. parviceps near the Tropic of Cancer in southern Sinaloa, also marks the southern limits of many arid-adapted species of the Sonoran regional desert and the northern limits of frost-sensitive species of the dry tropical forests (Hafner and Riddle 2011; . The pattern of diversification within T. atrovarius ) also suggests a northern origin of the species, with older lineages distributed in the north and more recently evolved lineages in the south.
The divergence of T. sheldoni, T. nayarensis, and T. umbrinus from presumed ancestral T. atrovarius stock appears to have been a rapid phyletic radiation that may have occurred too rapidly to resolve with available molecular data ( Figs. 2  and 3 ; Mathis et al. 2013a) . The current southern distribution of T. nayarensis and presence of T. nayarensis, T. sheldoni, and T. atrovarius in close proximity in this region (all within a circle with radius , 12 km) suggests that this major radiation within the T. umbrinus species complex occurred in the southern Sierra Madre Occidental near present day Nayarit (location B in Fig. 5) .
From their presumed site of origin in northeastern Nayarit, populations of T. sheldoni would have spread northward in the Sierra Madre Occidental (C; Fig. 5 ) while T. umbrinus spread southward into the TMVB (D; Fig. 5 ) and northward into the Central Plateau. Whereas the pattern of lineage divergence in the Central Plateau clade shows no directional trend (Fig. 2) , the pattern of diversification in the TMVB clade supports southward expansion, with the oldest lineage (T. u. durangi) in the north and the more recently evolved lineage (T. u. umbrinus) in the south (Figs. 1 and 2 ). We know that T. umbrinus (2n ¼ 78) eventually came into contact with T. sheldoni (2n ¼ 76) in northwestern Chihuahua (E; Fig. 5 ) and T. bottae (2n ¼ 76) in the southwestern United States (F; Fig.  5 ), where meiotic imbalances caused by diploid number differences appear to have prevented genetic introgression (Patton 1973; Mathis et al. 2013a) .
Subspecific differentiation between the Northern Desert and Central Plateau lineages likely is causally related to the Cochise filter-barrier near the junctions of Arizona, New Mexico, Sonora, and Chihuahua (Morafka 1977; Hafner and Riddle 2011) . This is a relatively low-elevation gap in the Continental Divide along the Sierra Madre Occidental and extending into the mountains of southeastern Arizona and southwestern New Mexico. During Pleistocene climatic oscillations, the Cochise filter-barrier alternatively opened and closed with vegetative shifts (Holmgren et al. 2007) . Currently the Cochise filter-barrier marks the transition between the Sonoran subregion of the Sonoran regional desert (dominated by Sonoran arid-adapted species) and the Chihuahuan subregion of the Chihuahuan regional desert (containing a mixture of Sonoran and Chihuahuan elements-Hafner and Riddle 2011). Just as Sonoran species were isolated west of the filter-barrier and subsequently expanded east into the Chihuahuan subregion, the Northern Desert lineage of T. umbrinus was likely isolated west of the filter-barrier during glacial maxima and subsequently expanded east coincident with interglacial warming.
Subspecific differentiation between the Central Plateau and TMVB lineages likely is causally associated with the western components of the Southern Coahuila filter-barrier (Baker 1956; Baker and Greer 1962; Hafner et al. 2008; Hafner and Riddle 2011) and is reinforced by inhospitable habitat in the extensive (2,100 km 2 ) Durango Volcanic Field north of Ciudad Durango (Aranda- Gómez et al. 1992 ). This filter-barrier marks the boundary between species of the Coahuilan and Zacatecan subregions of the Chihuahuan regional desert (Hafner and Riddle 2011) , including the pocket gophers Cratogeomys castanops and C. goldmani (Hafner et al. 2008) .
The subspecies T. u. durangi and T. u. umbrinus occur (respectively) generally northwest and southeast of both the Río Mezquital, which Baker and Greer (1962) considered to be a major filter-barrier, and the Río Suchil (an upper tributary of the Río Mezquital). The 2 subspecies occur within 45 km of each other between the Río Mezquital and Río Aguanaval in western Zacatecas ( Fig. 1; localities 30 and 31) , where they are FIG. 5.-Scenario of possible diversification and expansion of Thomomys in Mexico as described in the text. Circled letters represent major divergence events, as follows: A) divergence of T. atrovarius from T. bottae in Sinaloa; B) radiation of T. umbrinus, T. sheldoni, and T. nayarensis from T. atrovarius stock in Nayarit; C) northward expansion of T. sheldoni through the Sierra Madre Occidental; D) expansion of T. umbrinus south through the Trans-Mexico Volcanic Belt and north through the Central Plateau; E) secondary contact between T. umbrinus and T. sheldoni in northeastern Chihuahua; F) secondary contact between T. umbrinus and T. bottae in the southwestern United States. Circled numbers indicate major filter-barriers and rivers that likely influenced past and current distribution of Thomomys in Mexico. Solid lines subdividing the geographic ranges of T. atrovarius, T. sheldoni, and T. umbrinus indicate general borders between newly revised subspecies. The location of the Pleistocene-era pluvial Lake Xalisco (De Cserna and Alvarez 1995) is shown. This lake likely had an influence on expansion of Thomomys.
separated by the lower valleys of the Río Suchil and Río Atenco at elevations , 2,000 m and the Cordillera de la Moneda de Cinco Pesos at elevations . 2,500 m. Puebla, Mexico (altitude, about 9,500 feet).'' T. u. orizabae Nelson and Goldman, 1934: 106. Name combination. T. u. albigularis Nelson and Goldman, 1934:106. Type locality: ''El Chico, Sierra de Pachuca, Hidalgo, Mexico (altitude 9,000 feet).'' T. peregrinus Merriam, 1893:146. Type locality: ''Salazar, México, Mexico (altitude 10,300 feet).'' T. u. peregrinus Nelson and Goldman, 1934: 108. Name combination. T. u. martinensis Nelson and Goldman, 1934: 108. Type locality: ''San Martin Texmelucan, Puebla, Mexico (altitude 7,400 feet).'' T. u. tolucae Nelson and Goldman, 1934: 109. Type locality:
SYNONYMY OF THOMOMYS UMBRINUS
''Volcano of Toluca, México, Mexico (north slope, altitude 9,500 feet).'' T. u. vulcanius Nelson and Goldman, 1934: 109. Type locality:
''Volcano of Popocatepetl, México, Mexico (altitude 12,900 feet).'' T. u. supernus Nelson and Goldman, 1934:110. Type locality: ''Santa Rosa, about 7 miles northeast of Guanajuato, Guanajuato, Mexico (altitude between 9,500 and 10,000 feet).'' T. u. potosinus Nelson and Goldman, 1934: 111. Type locality:
''La Tinaja, about 20 miles northeast of San Luis Potosí, Mexico (altitude 6,000 feet).'' T. u. atrodorsalis Nelson and Goldman, 1934: 111. Type locality: ''Alvarez, San Luis Potosí, Mexico (altitude 8,000 feet).'' T. u. zacatecae Nelson and Goldman, 1934: 112. Type locality:
''Berriozabel, Zacatecas (altitude 6,000 feet).'' T. u. enixus Nelson and Goldman, 1934: 112. Type locality:
''Sierra Moroni, near Plateado, Zacatecas, Mexico (altitude 8,500 feet).'' T. u. pullus Hall and Villa, 1948:251 Geographic range.-Distributed from east-central Zacatecas (south and east of the Río Atenco) southward through the TMVB into Veracruz.
Comments. -Matson and Baker (1986) placed T. u. enixus in synonymy under T. u. zacatecae. Individuals from the vicinity of Monte Escobedo, Zacatecas (locality 35; Figs. 1 and 2), were previously assigned to T. u. sheldoni (Matson and Baker 1986 ). Other individuals of this subspecies from the Sierra Madre Occidental, including the type locality, were recently elevated to species status as T. sheldoni (Mathis et al. 2013a) . Individuals from the vicinity and north of Jimenez de Teul, Zacatecas (locality 31; Fig. 1 ), were previously designated as T. u. durangi but should now be referred to as T. u. umbrinus. Castro-Campillo and Ramírez-Pulido (2000) used morphological evidence to reduce the number of subspecies of T. umbrinus in the TMVB from 6 to 2 (T. u. umbrinus and T. pullus). Despite repeated attempts in the field, genetic samples of T. u. atrodorsalis and T. u. newmani in San Luis Potosí and T. u. supernus in Guanajuato could not be obtained for this study. All 3 subspecies are found adjacent to or between other sampled subspecies, and because they are unlikely to show genetic discordance with these nearby populations, we place them in the subspecies T. u. umbrinus.
RESUMEN
La tuza sureña, Thomomys umbrinus, actualmente esta compuesta de 17 subespecies distribuidas desde el sureste de Arizona y suroeste de Nuevo México hacia el sur hasta el Cinturón Volcánico Trans-Mexicano (TMVB) en el centro de México. Aquí reevaluamos las relaciones dentro de esta especie, la cual, basados en estudios previos, esta compuesta de 3 clados genéticamente divergentes. Análisis filogenéticos multilocus sostienen estos 3 clados (Desierto del Norte, Altiplanicie Central, y TMVB), asi como la monofilia de T. umbrinus en relación con las otras 3 especies en el complejo T. umbrinus (T. atrovarius, T. nayarensis, y T. sheldoni). El reanálisis de datos de alozimas publicados muestran un patrón de aislamiento por distancia, el cual es consistente con la hipótesis de flujo génico entre los 3 clados de T. umbrinus. Los análisis de árbol de especie de estos clados revelan 4 linajes divergentes (2 dentro del clado del TMVB), los cuales reconocemos aquí a nivel subespecie. La morfometría craneal muestra un nivel moderado de separación morfológica entre estos clados en el espacio multivariado. El centro actual de diversidad del grupo de especies de T. umbrinus es en el sur de la Sierra Madre Occidental, que también parece ser el centro de origen del complejo T. umbrinus. Una sinonimia para T. umbrinus se provee.
